Introduction
The methods of y-ray spectroscopy have r e c e n t l y been applied with some success t o t h e study of electromagnetic p r o p e r t i e s of high s p i n nuclear s t a t e s .
In Table 1 a r e i d e n t i f i e d t h r e e types of measurement t h a t can i n p r i n c i p l e be applied, c l a s s i f i e d i n t o t h r e e general areas of 'y-ray spectroscopy having current i n t e r e s t . The boxes a r e f i l l e d according
t o t h e most s u i t a b l e experimental technique(s) f o r
t h e type of study required.
Experiments have been performed where t h e r e is a corresponding e n t r y i n the Table. This paper is a b r i e f review of some of t h o s e experiments.
C o l l e c t i v i t y i n t h e Continuum Region
After n u c l e i have been formed i n (H1,xn) react i o n s a t high angular momentum, and have cooled by t h e emission of high energy s t a t i s t i c a l t r a n s i t i o n s , t h e de-excitation y-rays pass through a region of nuclear e x c i t a t i o n i n ( E , J ) space l y i n g i n a broad J zone above the y r a s t l i n e ( f i g . 1 ) . In p r o l a t e n u c l e i , d i s c r e t e t r a n s i t i o n s a r e weak u n t i l t h e s p i n reaches -20 
h. To explain t h i s i t i s supposed t h a t a t high s p i n t h e y-ray f l u x is trapped i n many c o l l e c t i v e bands and prevented from concentrating
near t h e y r a s t l i n e by enhanced in-band E2 trans-
)
i t i o n s . Strong support f o r these ideas can be Table 1 . A p p l i c a b i l i t y of t h r e e types of measurement determining electromagnetic p r o p e r t i e s of nuclear l e v e l s t o t h r e e a c t i v e a r e a s of r e s e a r c h i n t o t h e behaviour of n u c l e i a t high spin. found i n t h e observed (E ,E ) c o r r e l a t i o n s 2 ) and i n Qo = 9.8 f 3.3 b f o r the s p i n region 305.1650 i n Y Y the behaviour of broad peaked f e a t u r e s ("bumps") i n lS8l3r by DSAM techniques on t h e continuum yspectrum the m u l t i p l i c i t y s p e c t r a and i n t h e d i r e c t Yi t s e l f .
DSAM Doppler s h i f t a t t e n u a t i o n PAC(T1) Perturbed angular c o r r e l a t i o n (Time i n t e g r a l )
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s p e c t r a . Indeed, it has long been r e a l i z e d t h a t An a l t e r n a t i v e approach, which may be c a l l e d a Fig. 1 . Gamma de-excitation following (H1,xn) r e a c t i o n s ( l e f t ) . Right: A schematic view of c o l l e c t i v e bands i n t h e y r a s t region. Once i n a p a r t i c u l a r band t h e y-ray f l u x i s believed t o be l a r g e l y confined t o that band by t h e enhanced E2 strength. I f t h e bands have i d e n t i c a l average moments of i n e r t i a and c o l l e c ti v i t y , and t h e branching i s small, then t h e feeding time does not depend on t h e path followed.
t h e r e must b e i n many n u c l e i some order and collec-"probe s t a t e " method, involves t h e study of average t i v e enhancement a t high spins4) t o account f o r t h e ' p r o p e r t i e s i n the continuum i n f e r r e d from observavery shor't feeding t i m e s t o d i s c r e t e s t a t e s observed t i o n of t h e d i s c r P t e s t a t e s (probe s t a t e s ) a t lpwer i n r e c o i l d i s t a n c e experiments. However, only spins. In t h i s way we can avoid dealing with t h e recently have a t t e m p t s been made t o measure average continuum y-spectrum. These methods a r e complemen-)' -,ray t r a n s i t i o n s t r e n g t h s from S t a t e s t h a t can not t a r y . The p r e c i s i o n of t h e probe s t a t e method is be i d e n t i f i e d by d i s c r e t e . l i n e s . For example, t h e probably b e t t e r , on t h e o t h e r hand t h e s p i n region c o l l e c t i v i t y of 'the continuum region has been studied extends t o a t most -10 k above t h e probe sr&died by t h e Berkeley group5) which deduced s t a t e , whereas DSAM on t h e continuum spectrum i s a p p l i c a b l e t o t h e e n t i r e region.
Data on t h e decay of t h e high s p i n d i s c r e t e s t a t e s i n t h e p r o l a t e nucleus 1 5 6~y ( f i g . 2) were analyzed assuming average p r o p e r t i e s of t h e unobser- 
i t t e d assuming t h a t t h e d i s c r e t e s t a t e s and t h e unobserved
p r e c u s e r s can b e t r e a t e d a s a s i n g l e r o t a t i o n a l band populated a t h i g h s p i n . The only f r e e parameter is t h e Q -value of t h e e q u i v a l e n t s i n g l e band. D e s p i t e 4-+ t h e c o n s i d e r a b l e side-feeding t o t h e 1 8 and 1 6 s t a t e s t h i s model reproduces t h e d a t a and supports t h e simple p i c t u r e of f e e d i n g times given i n t h e t e x t , and i n Fig. 1 .
i n t h e continuum was c a l c u l a t e d i n t h e model descr i b e d by t h e Berkeley group5) based on t h e i d e a s a l r e a d y presented. That i s , we assume p a r a l l e l bands w i t h a common c o l l e c t i v i t y and e f f e c t i v e moment of i n e r t i a . C a l c u l a t i o n s i n t h i s model a r e extremely simple s i n c e t h e time e v o l u t i o n down t h e p a r a l l e l bands i s e q u i v a l e n t t o t h a t down a s i n g l e r o t a t i o n a l band (cf f i g . 1 ) . The feeding time t o d i s c r e t e y r a s t s t a t e s (above t h e backbend) i s independent o f which p a r t i c u l a r band is involved s i n c e t h e bands a r e equivalent. Furthermore, s i n c e we assume t h a t y-ray branching between t h e bands i s weak, t h e n sequences which involve one o r even more out-of -band t r a n s i t i o n s must n e v e r t h e l e s s b e only s l i g h t l y f a s t e r than pure in-band sequences (cf f i g . 1 ) . I n o t h e r words, a t a branch p o i n t , t h e s t a t e l i f e t i m e is dominated by t h e decay of t h e in-band t r a n s i t i o n . That t h e d a t a could b e f i t t e d w i t h reasonable v a l u e s f o r t h e s i n g l e parameter Qo, r e p r e s e n t i n g t h e average c o l l e c t i v i t y , These i13,2 ~r h i t a l s a r e s t r o n g l y down s l o p i n g , and i n t h e deformed o s c i l l a t o r model t h e i r f i l l i n g d r i v e s t h e c o r e t o higher p r o l a t e deformation.
For example, from 1 5 4~y through 1 6 0~y t h e ground band deformation s y s t e m a t i c a l l y i n c r e a s e s . A f u r t h e r e f f e c t t h a t might g i v e r i s e t o lower deformation i n t h e a l i g n e d bands is c e n t r i f u g a l s t r e t c hi n g (eg. r e f . 6 ) . Since, f o r a given t o t a l s p i n C10-50
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These q u e s t i o n s a r e probably t o o d e t a i l e d t o be
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answered by s t u d i e s of t h e continuum, a t l e a s t i n t h e simple model d e s c r i b e d here, s i n c e we assume a p r i o r i t h a t unobserved bands have i d e n t i c a l p r o p e r t i e s .
An important requirement of t h e probe s t a t e approach (which was s a t i s f i e d i n t h e s e experiments 6 3 7 ) ) i s t h a t t h e probe s t a t e s must b e above t h e ' vfi I R O ? L i7 0 1 2 3 4 . 5 TlME ( P S ) f i r s t backbend, o t h e r w i s e t h e l a r g e f l u x of delayed y-rays from t h e backbend region may d i s t o r t t h e 36 WPUL4TlON DISTRIBUTION average feeding time i n t h e continuum.
Both t h e DSAM and probe s t a t e methods could b e made more powerful through a b e t t e r knowledge o f , and i f p o s s i b l e c o n t r o l over, t h e e n t r y s t a t e s p i n 
Magnetic Moments i n t h e Continuum
Our e m p i r i c a l understanding of t h e i n t e n s e magn e t i c f i e l d a c t i n g on n u c l e i moving through polari z e d i r o n 9 ) h a s reached t h e p o i n t where i t i s poss i b l e t o r e l i a b l y measure g -f a c t o r s o f s h o r t -l i v e d s t a t e s . The i n t e r e s t i n t h e s e measurements stems from t h e s t r o n g dependence of t h e g -f a c t o r s on t h e s h a r i n g of angular momentum between c o l l e c t i v e and s i n g l e -p a r t i c l e motion. For example, f o r r o t a t i o na l l y a l i g n e d s t a t e s involving n e u t r o n p a i r s g -0, whereas f o r proton a l i g n e d s t a t e s g -1.
The Chalk River grouplO) have r e c e n t l y a p p l i e d t h e method t o continuum s t a t e s i n 7 8~r . I n t h i s experimeqt 7 8~r r e c o i l s a t a v e l o c i t y of -7% of l i g h t produced i n t h e i n v e r s e r e a c t i o n s of 63 65cu a t .. 200 MeV on 18'160 t a r g e t s passed through a 5 mg cm-' l a y e r of magnetized i r o n ( 5 4~e ) . The h i s t o r y of t h e f i e l d and t h e n u c l e a r d e -e x c i t a t i o n a r e shown i n f i g . 3 , and gamma s p e c t r a i n f i g . 4.
Fig. 3 . C a l c u l a t i o n s of important parameters i n
t h e 7 8~r continuum precession experiment. These v a l u e s a r e f o r i l l u s t r a t i o n and do not c o i n c i d e e x a c t l y w i t h t h o s e used i n t h e f i n a l a n a l y s i s .
Top l e f t . The slowing down h i s t o r y of 78Kr r e c o i l s i n t h e t a r g e t l a y e r s , t h e e n t r y and e x i t times o f t h e i r o n l a y e r a r e indicated.
Top r i g h t . The c a l c u l a t e d f i e l d experienced by a 7 8~r nucleus, ( z e r o o u t s i d e of t h e i r o n l a y e r ) .
Bottom l e f t . From an assumed e n t r y s p i n population d i s t r i b u t i o n a t time t = O ( t h e centroid, i s f i x e d by t h e y-ray m u l t i p l i c i t y ) we e s t i m a t e t h e e v o l u t i o n of d e -e x c i t a t i o n i n t h e model given i n t h e t e x t .
Values a t t=0.5 p s a r e given.
Bottom r i g h t . The corresponding e v o l u t i o n of t h e s p i n c e n t r o i d s .
Again, we make u s e of t h e concept of probe s t a t e .
The p r e c e s s i o n occurred during t h e time 0.05 -0.5 p s when t h e s t a t e s populated were mainly i n 
The t o p panel i s t h e d i r e c t s i n g l e s spectrum; i n t h e middle panel t h e d e t e c t o r was g a t e d by any y-ray event d e t e c t e d i n a NaI(TR) counter, and i n t h e bottom panel by i d e n t i f i e d neutrons.
Respectively, t h e s e s p e c t r a were used f o r determination o f t h e p r e c e s s i o n , y-ray m u l t i p l i c i t i e s , and t h e feeding times. The t a r g e t comprised -*) 5 4~e (5 mg cm2) and Cu (15 mg c c 2 ) .
l a y e r s of WOg (1 mg cm t h e continuum region. The probe s t a t e s , most import-( 8 = 260' i n t h i s case) on r e v e r s i n g t h e p o l a r i z -Y a n t l y t h e f i r s t 2+, were n o t populated u n t i l a f t e r i n g f i e l d (cf r e f . 9 ) . From t h e r a t i o :
t h e n u c l e u s had l e f t t h e i r o n l a y e r ( t = 0.5 p s ) ,
s o t h a t t h e i r p r e c e s s i o n was an a c c u r a t e measure of t h e continuum precession. The precession of t h e where ~~t was t h e n e t photopeak a r e a f o r a y-ray i n probe s t a t e s was determined by measuring t h e r e l ad and t h e p r e c e s s i o n :
e t e c t o r 1 w i t h t h e f i e l d i n t h e up d i r e c t i o n e t c , t i v e changes i n y-ray i n t e n s i t i e s i n d e t e c t o r s we o b t a i n t h e p r e c e s s i o n e f f e c t E, t h e change i n p o s i t i o n e d symmetric all^ about t h e beam d i r e c t i o n i n t e n s i t y of y-ray emission a t 60° between f i e l d on
Here W i s t h e y-ray angular d i s t r i b u t i o n f u n c t i o n
The r e s u l t s a r e summarized i n Table 2 . I n t h e a n a l y s i s we have assumed t h a t t h e t r a n s i e n t magnetic f i e l d o p e r a t i n g w h i l s t t h e r e c o i l was moving i n i r o n was (cf r e f . 9):
where BE = aZv/vo
Here BLW is t h e Lindhard-Winther f i e l d (which i s a small term a t t h e s e high v e l o c i t i e s ) , 2 i s t h e atomic number of t h e r e c o i l , and v/vo, i t s v e l o c i t y i n atomic u n i t s . W e have taken t h e parameter "a"
from c a l i b r a t i o n runs on known g -f a c t o r s , and a = 11.5 t e s l a (equation 6 ) . The l e v e l scheme1') f o r 7 8~r i s shown i n f i g . 5. There i s a backbend + a t about s p i n 1 0 .
Two runs were made t h a t populated t h e nucleus i n two well-separated r e g i o n s of e n t r y s p i n above and below t h e backbend. The mean e n t r y s t a t e s p i n s ( c £ Table 2 ) were estimated from t h e measured 1 2 ) m u l t i p l i c i t y , M, assuming
The time e v o l u t i o n of t h e e n t r y population was c a l c u l a t e d i n t h e model d i s c u s s e d e a r l i e r . The Table 2 . Continuum p r e c e s s i o n s i n 7 8~r f o r mean e n t r y s p i n s 1 5 h and 6.5 d. The Jav is t h e average s p i n t o which t h e continuum g -f a c t o r , 2, r e f e r s . The y r a s t sequence backbends a t J -10. Fig. 6 Right. Gamma-ray l i n e s h a p e s observed f o r mean e n t r y s p i n s of 1 5 h (B) and 6.5 (A) i n 7 8~r .
model parameters can be deduced by comparing t h e observed Doppler broadened l i n e s h a p e s w i t h t h e model c a l c u l a t i o n s . The necessary ground band l i f e t i m e s f o r t h i s c a l c u l a t i o n have been measured by Robinson e t a l . and H e l l m e i s t e r e t a1.l'). We f i n d t h a t t h e v a l u e s of H e l l m e i s t e r e t a l . f o r t h e
(Spectra i n coincidence w i t h neutrons cf f i g . 3).
F i t s correspond t o r o t a t i o n a l model l i f e t i m e s ,
Q0=2.5 b, w i t h f e e d i n g times obtained from t h e model given i n t h e t e x t , assuming t h e e n t r y s t a t e d i s t r i bu t i o n s shown across. 
n t r y s t a t e d i s t r i b ut i o n c o n s i s t e n t with t h e m u l t i p l i c i t y measurement
and lineshapes f o r 7 8~r , and t h e corresponding cont r i b u t i o n t o t h e probe s t a t e precessions. Dashed l i n e 6 5~u on 160, s o l i d l i n e 6 3~u on 180.
and 8 decays of the ground band, together w i t h Go = 2.5 b i n t h e continuum, reproduce the observed lineshapes (cf f i g . 6 ) . Fig. 6 shows t h e calculated contribution of various s p i n values i n t h e continuum t o t h e t o t a l precession of t h e probe s t a t e s . For t h e low s p i n run, much of t h e precess i o n i s c a i c u l a t e d t o occur i n t h e y r a s t s t a t e s themselves. I t can b e concluded t h a t w i t h i n t h e experimental u n c e r t a i n t y of -. 15%, t h e average gf a c t o r s below t h e backbend a r e i d e n t i c a l with those above. This conclusion i s independent of the f i e l d c a l i b r a t i o n , and means e i t h e r t h a t t h e r e a r e no r o t a t i o n a l alignment e f f e c t s i n 7 8~r , o r more plausibly, t h a t proton (g = 1 ) and neutron (g 2 0)
aligned bands a r e competitive i n t h e v i c i n i t y of the backbend and a r e equally populated i n t h e reaction. The r e s u l t i n g g-f a c t o r could then These techniques promise t o b e q u i t e powerful when used i n conjunction with m u l t i p l i c i t y and feeding time information. The inverse r e a c t i o n leading to high r e c o i l v e l o c i t y ensures t h a t l a r g e precessions w i l l r e s u l t . I n t h e r a r e e a r t h region, neutron aligned bands a r e expected t o dominate f o r
16551<28. An e a r l i e r experiment of Skaali a t a l .
13)
168,172Hf suggested t h a t t h e continuum g-factors i n were s u b s t a n t i a l l y lower than those of t h e ground band below t h e backbend, however, t h e r e is some doubt about t h e c a l i b r a t i o n of t h e t r a n s i e n t f i e l d s i n c e a t t h a t time only t h e Lindhard-Winther term was known (equation 5). Fig. 7 . sum&ry of calculated and measured s p i n dependence of nuclear g-factors i n deformed r a r e , e a r t h n u c l e i together w i t h t h e i r backbending behaviour. The experimental values a r e expressed by 2 g ( J ) = g o ( l + aJ ) and t h e r e f o r e a r e not measurements on individual s t a t e s but r a t h e r trends with J. The 
Magnetic Moments f o r C o l l e c t i v e (Discrete)
those encountered i n t h e continuum because Coulomb
S t a t e s e x c i t a t i o n with a b a c k s c a t t e r e d p a r t i c l e coincid-
The r i g i d r o t o r model p r e d i c t s a g -f a c t o r conence c o n d i t i o n provides s t r o n g e r s p i n alignment -s c a n t w i t h s p i n i n even n u c l e i . I n t h a t model, t h e (the(+ $) -t e r n i n equation 3 ) . 
Coulomb e x c i t a t i o n .
When e f f e c t s of t h e r o t a t i o n a l motion on t h e p a r tAn example of a y-spectrum i s shown i n i c l c s a r e considered t h e n t h e g -f a c t o r s may vary Fig. 9 .
Work w i t h p r o j e c t i l e s was performed c o n s i d e r a b l y w i t h spin. Examples of r e c e n t c a l c u l aa t t h e SuperHILAC, o t h e r work r e f e r r e d t o was per-
Pions 14'15y16) a r e shown i n Fig. 7 . These s h a r p formed a t Chalk River. I n c a l c u l a t i n g t h e n u c l e a r
r e d u c t i o n s i n t h e g-factors a r e caused ( i n t h e c a lde-excitation f o l l o w i n g Coulomb e x c i t a t i o n we a r e on c u l a t i o n s ) by i n c r e a s e s i n t h e n e u t r o n c o n t r i b u t i o n s u r e r ground than i n t h e continuum example given (3n i n e q u a t i o n 8) t o t h e t o t a l angular momentum e a r l i e r . E s s e n t i a l l y o n l y t h e ground band s t a t e s e i t h e r through C o r i o l i s a n t i -p a i r i n g o r r o t a t i o n a l a r e populated and t h e Winther-de Boer code17) i s alignment o r both. employed t o p r e d i c t t h e i n i t i a l populations. I n The Chalk River group have pursued a program most of t h e n u c l e i s t u d i e d , t h e s t a t e l i f e t i m e s a r e using t h e t r a n s i e n t f i e l d t o measure g -f a c t o r s of known from o t h e r measurements. However, we a r e high s p i n s t a t e s populated i n Coulomb e x c i t a t i o n . s t i l l faced w i t h a coupling of e f f e c t s s i n c e t h e
The p r e c e s s i o n e f f e c t s a r e a p p r e c i a b l y l a r g e r than p r e c e s s i o n of a low s p i n s t a t e c o n t a i n s t h e 
. R e s u l t s of Winther-de Boer c a l c u l a t i o n s f o r f i v e t y p i c a l n u c l e i . The energy of t h e p r o j e c t i l e is assumed t o b e j u s t below t h e Coulomb b a r r i e r f o r t h e a p p r o p r i a t e system. COULEX WITH -350 MeV 8 6~r
f o r example.
This empirical expression reproduces t h e main f e a tu r e s of t h e expected v a r i a t i o n of g ( J ) t o t h e s p i n s
of i n t e r e s t h e r e (5514) (cf Fig. 7 ). The parameters g and a can b e decoupled by comparing r e s u l t s i n which t h e nucleus i s f i r s t weakly, and then s t r o n g l y 
Coulomb e x c i t e d . By a j u d i c i o u s choice of p r o j e c t -
A W 1 0 1 t I i i
l e s and energies i t is p o s s i b l e t o match c l o s e l y t h e i n i t i a l r e c o i l v e l o c i t i e s and hence t h e time
I l2.lO h i s t o r y of t h e t r a n s i e n t f i e l d . I n t h i s way t h e r e s u l t s a r e i n s e n s i t i v e t o t h e f i e l d c a l i b r a t i o n .
As an example we c o n s i d e r the c a s e f o r t h e Sm
+ maximum s p i n s 6+ and 1 2 r e s p e c t i v e l y , w i t h average r e c o i l v e l o c i t i e s of 3.8% and 4.8% of l i g h t . Atten-
i o n must now b e paid t o t h e f i e l d c a l i b r a t i o n ENERGY (keV)
Fig. 9. Spectra f o r t h e Coulomb e x c i t a t i o n of
I7Oyb, 1 7 4~b and l6OrIy w i t h 8 6~r i o n s a t 350 MeV from t h e Berkeley s~~~~H I L A c~~) . Gamma r a y s i n coincidence with b a c k s c a t t e r e d 8 6~r ions. The i r o n -2
l a y e r was ,. 5 mg cm i n each case.
accumulated precession of a l l t h e higher s p i n s t a t e s i n t h e preceding y-ray cascade. This problem c a n . b e r e a d i l y handled by a computer program18); however,
(equations 5 and 6) s i n c e t h e v e l o c i t y dependence has n o t been very w e l l e s t a b l i s h e d (cf r e f . 9). A number of c a l i b r a t i o n p o i n t s a g a i n s t s t a t e s of known
g-factors i n t h e r a r e e a r t h region have been made and our b e s t r e s u l t s a r e p l o t t e d i n Fig. 10 .
Probably t h e f i e l d does n o t i n c r e a s e a s r a p i d l y a s B .. v (equation 6) b u t s i n c e t h e e f f e c t is s m a l l we
can adapt by choosing a n a-value s u i t a b l e f o r t h e i n i t i a l r e c o i l v e l o c i t y .
Proceeding from t h e low energy runs, t h e g-
+ f a c t o r f o r t h e 4 s t a t e can b e a c c u r a t e l y deduced from t h e precession of t h a t s t a t e , s i n c e feeding
+ from t h e 6 s t a t e i s small (cf Fig. 1 0 ) . This e f f e c t i v e l y determines go, which a g r e e s with t h e + most, r e l i a b l e previous g (2 ) values. The high
with s t r o n g Coulomb e x c i t a t i o n t o many s t a t e s it is energy d a t a s e t are then f i t t e d f o r t h e a-value a s not p o s s i b l e t o e x t r a c t r e l i a b l y t h e i n d i v i d u a l g-
shown i n Fig. 10 . I f we assume t h a t t h e g-factors f a c t o r s because of t h e l a r g e covariances. do n o t vary w i t h s p i n , then we can express the: con-
The procedure we have adopted is t o choose an t r i b u t i o n each s t a t e makes t o t h e d a t a ' s e t as shown. a n a l y t i c form f o r t h e v a r i a t i o n of g with spin,
The observed precessions E~ are made up o f 
B. Results f o r
Y t h e 4+2 and 6+4 t r a n s i t i o n s i n one of t h e runs + shown i n 10A. C. Previous measurements of g (2 ) (Table of Isotopes 7th ed.) compared w i t h t h e pres e n t g -value.
g. Measured precession e f f e c t s , E%, f o r Coulomb e x c i t a t i o n w i t h 6 3~u a t 230 MeV. The l i n e s correspond t o a = 0 and -2 X 1oe3 i n t h e 2 expression g ( J ) = g o ( l + aJ ) . g. C a l i b r a t l o n s of t h e t r a n s i e n t f i e l d s t r e n g t h parameter "a'' i n
equation 6 f o r Z = 69 recorded a t d i f f e r e n t I n i t i a l r e c o i l v e l o c i t i e s 19920), -F. Contributions made by s t a t e s of t h e ground band t o the precession s e t s E~
shown i n 10B and 10D.
contributions from the s t a t e J and from higher s t a t e s feeding i t , and we have combined these con- The backbending 170yb and 1 6 0~y n u c l e i show some reduction of t h e i r g-factors a t higher spins, whereas t h e non-backbending 1 7 4~b shows no such e f f e c t . This i s i n general agreement w i t h expecta t i o n s . The nucleus 152~q . i s q u i t e i n t e r e s t i n g i n t h a t it does not show t h e strong e f f e c t predicted i n 156~y. Since t h e N = 90 isotones a r e so c10-58
t r i b u t i o n s over t h e EJ s e t used i n t h e f i t according t o t h e s t a t i s t i c
JOURNAL DE PHYSIQUE s i m i l a r i n a l l t h e i r known p r o p e r t i e s t h e r e i s an i m p l i c a t i o n t h a t t h e c a l c u l a t i o n does n o t a g r e e w i t h experiment.
Magnetic moments a r e s t r i n g e n t t e s t s of n u c l e a r s t r u c t u r e and we may hope f o r s i g n i f i c a n t t h e o r e t ic a l advances now t h a t it i s becoming p o s s i b l e t o make comparisons a t a reasonable l e v e l of p r e c i s i o n .
L i f e t i m e s f o r Nuclei w i t h Yrast Traps
The r e c o i l d i s t a n c e method h a s been a p p l i e d t o measure l i f e t i m e s of d i s c r e t e s t a t e s which f e e d i n t o y r a s t t r a p s . I n t h e work done a t Chalk River,
we have used a pulsed beam f a c i l i t y t o suppress background r a d i a t i o n s by s e l e c t i n g only prompt (-5 n s ) y-rays i n t h e Ge(Li) d e t e c t o r s t h a t were i n delayed coincidence w i t h events i n a NaI(TR) a r r a y . Since t h e y-ray m u l t i p l i c i t y from t h e isom e r decay i s h i g h , t h i s arrangement a c c e p t s 'evenks l e a d i n g t o t h e isomer very e f f i c i e n t l y (up t o 30%).
Typical s p e c t r a a r e shown i n Fig. 12 and 13 .
The p r e s e n t workz2) on 1 5 4~r does n o t a g r e e i n
23) d e t a i l w i t h t h e e a r l i e r experiment a t Louvain
, and t h i s may i l l u s t r a t e t h e d i f f i c u l t i e s of working i n these n u c l e i .
Recoil d i s t a n c e curves a r e shown i n Fig. 14 , and a preliminary l e v e l scheme i n Fig. 15 . A summary of t h e r e s u l t s on supposed E2 t r a n s i t i o n s is shown i n Table 3 ( r e f . 22). .These s p e c t r a were gared by c o n d i t i o n s ( i ) t h e Ge(Li) e v e n t was prompt (55 n s ) w i t h t h e beam b u r s t ; ( i i ) a n event was observed i n a NaI(TR) a r r a y i n t h e t i m e p e r i o d 1 0~T~l 0 0 n s a f t e r t h e beam b u r s t .
Events o t h e r t h a n prompt y-rays ,leading t o a high s p i n isomer w i t h -c -1 0 -200 n s were t h e r e f o r e s t r o n g l y suppressed. GAMMA -RAY ENERGY ( k e V ) Fig. 13 . Gamma s p e c t r a f o r r e c o i l d i s t a n c e measurements on t h e r e a c t i o n 1 2 4~n ( 2 8~i , 5 n ) 1 4 '~d a t 149 MeV ( r e f . 28). These s p e c t r a were gated by c o n d i t i o n s ( i ) t h e Ge(Li) event was prompt ( t 5 n s ) w i t h t h e beam b u r s t ; ( i i ) a n event was observed i n a NaI(TR) a r r a y i n t h e time period 1005T2700 n s a f t e r t h e beam b u r s t .
Events o t h e r than prompt y-rays l e a d i n g t o a h i g h s p i n isomer w i t h T -100 ns -2 Us were t h e r e f o r e s t r o n g l y suppressed.
RECOIL DISTANCE l mm1 Fig. 14. Decay curves f o r prompt (+5 n s ) y-rays f e e d i n g t h e 'T = 58 n s isomer i n 154& ( r e f . 22).
The l e v e l o r d e r i n g proposed i n t h i s work i s shown i n Fig. 15 .
scheme and p a r t l y i n t h e data. We conclude t h a t only one of t h e s e t r a n s i t i o n s is d e f i n i t e l y enhanced. However, i n t h e s e n u c l e i i t i s n o t c e r t a i n t h a t t r a n s i t i o n s with an a n g u l a r d i s t r i b u t i o n i n t h e range 0.2<a c0.4 must be E2 a s i s g e n e r a l l y 2 accepted i n p r o l a t e n u c l e i . An example of t h i s i s provided by t h e scheme f o r 1 4 7~d .
5..1 The Nucleus 1 4 7~d
We know more about t h e electromagnetic propert i e s of 1 4 7~d than any o t h e r y r a s t t r a p nucleus (cf Fig. 16 ). isomer i n 1 5 4~r based on t h e e a r l i e r work 23,24) isomer. For t h e P = 760 n s isomer (4912) t h e 22) modified by t h e p r e s e n t r e c o i l d i s t a n c e d a t a . c o n f i g u r a t i o n is h: 112)10 : v ( j )] R e l a t i v e i n t e n s i t i e s [ 1.
Probable E2 T r a n s i t i o n (keV) I M ( E 2) I Louvain P r e s e n t W.U. Table 3 . Mean l i f e t i m e s and r e l a t i v e reduced t r a n s i t i o n s t r e n g t h s i n 1 5 4~r (preliminary r e s u l t s z 2 ) t I f t h e 827 keV t r a n s i t i o n is p l a c e d below t h e 455 keV t r a n s i t i o n o n l y r e s u l t s f o r t h e 455 keV t r a n s i t i o n a r e changed as shown i n parentheses. incomplete scheme given h e r e i s based on t h e d a t a of r e f . 28 and disagrees with r e f . 27. The excita t i o n energy of t h e (4912) s t a t e is n o t known.
From a t o t a l y-ray energy measurement Bjdrnholm e t gave E(4912) = 7.55 + 0.35 Mev.
Bakander e t have proposed a t e n t a t i v e scheme with E(4912) = 8.590 MeV. The incomplete scheme proposed h e r e gives E(4912) = 8.557 MeV.
Above t h e (49/2) isomer t h e scheme i s based on data of r e f . 28 including t h e r e c o i l d i s t a n c e measurements.
where a number of p l a u s i b l e neutron p a r t i c l e h o l e e x c i t a t i o n s coupled t o t h e odd neutrons a r e poss i b l e , but t h e configuration '(l) = (b&2 '13/2 7/2) 2912 f i t s most c l o s e l y t h e measured g-factor. Dossing e t have reproduced many of t h e f e a t u r e s of t h e s e isomers i n a c a l c u l a t i o n described i n a contribution t o t h i s conference. They f i n d
The Chalk River group have performed r e c o i l distance experiments on prompt r a d i a t i o n s feeding 28) both t h e 2712 isomer and t h e (4912) isomer .
The d a t a on prompt feeding t o t h e 2712 isomer i s d i f f i c u l t t o i n t e r p r e t s i n c e t h e l e v e l scheme i s not known, and no f u r t h e r discussion w i l l b e made here except t o draw a t t e n t i o n t o a previously
C10-62
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Above t h e (4912) isomer t h e l e v e l scheme i s much simpler. Despite t h e occurrence of a higher isomer (5912) of T = 1.15 n s t h e r e c o i l d i s t a n c e d a t a (cf Fig. 17) provide r e l i a b l e l i f e t i m e s f o r t h e lower t r a n s i t i o n s 
TlME i p s )
TlME l n l l ~i g . 17. Recoil d i s t a n c e c u r v e s f o r prompt (25 n s ) y-rays feeding t h e T = 760 n s isomer i n 14'cd ( r e f . 28). The l e v e l scheme i s shown i n F+g. 16. P o s s i b l e T r a n s i t i o n s t r e t c h e d Adopted (keV) a 2 Assignments Assignments Table 4 . Angular d i s t r i b u t i o n c o e f f i c i e n t s f o r some y-rays feeding t h e T = 760 n s isomer i n 1 4 7~d . The decay scheme (Fig. 16) t o g e t h e r w i t h t h e l i f e t i m e measurements r u l e o u t t h e s t r e t c h e d assignments f o r y 188.9 and y 919.1 keV (cf t e x t ) . t r a n s i t i o n s s t r e t c h e d d i p o l e and E3 r e s p e c t i v e l y .
However, t h e E3 p o s s i b i l i t y f o r Y 919.1 keV is r u l e d o u t by t h e very s h o r t l i f e t i m e f o r t h a t l e v e l which i n t u r n makes it impossible f o r both y 188.9
and y 1103.4 keV t o be s t r e t c h e d E2. The a l t e r n at i v e assignments proposed i n Fig. 1 6 and Table 4 a r e compatible with a l l t h e d a t a , b u t r a i s e s e r i o u s doubts about t h e g e n e r a l l y accepted procedures f o r s p i n assignment,^ i n t h e s e n u c l e i . R e l a t i v e t o a s i n g l e p a r t i c l e model, t h e t r a n si t i o n s t r e n g t h s of supposed E2's i n t h e 1 4 7~d scheme above s p i n (49/2) were found t o be remarkably s i m i l a r (Table 5 ), w i t h t h e exception o f t h a t of t h e 5912 + 5512 t r a n s i t i o n .
The nucleus 1 4 '~d promises t o provide t h e b e s t test of t h e theory of s i n g l e p a r t i c l e alignment about a symmetry a x i s . An important p r o p e r t y of t h e Gd i s o t o p e s i s t h a t they have t h e l e a s t para-
magnetic r e l a x a t i o n i n t h e r a r e e a r t h s due t o t h e atomic s t r u c t u r e of Gd; t h i s p r o p e r t y is v i t a l t o t h e determination of s t a t i c moments25). In a d d i tion, t h e i r l e v e l schemes can i n p r i n c i p l e be more f i r m l y e s t a b l i s h e d by angular d i s t r i b u t i o n and l i n e a r p o l a r i z a t i o n measurements t h a n is p o s s i b l e f o r o t h e r r a r e e a r t h s . Table 5 . Mean l i f e t i m e s and reduced t r a n s i t i o n p r o b a b i l i t i e s i n 1 4 7~d , a f t e r . r e f . 28.
. .
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Conclusions
The measurements of electromagnetic p r o p e r t i e s of n u c l e a r l e v e l s provide a p a r t o f t h e foundation on which a l l e l s e r e s t s . The t o p i c s touched on i n t h i s review a r e good examples of i ) c o l l e c t i v i t y i n t h e continuum, i i ) t h e o b l a t e deformation of high s p i n s t a t e s n e a r N = 82, i i i ) t h e predomina n t l y s i n g l e -p a r t i c l e n a t u r e of such s t a t e s . These p r o p e r t i e s have now been f i r m l y e s t a b l i s h e d by experiment. On t h e o t h e r hand, t h e d e t a i l s of how t h e s t r u c t u r e of c o l l e c t , i v e y r a s t s t a t e s changes i n t h e v i c i n i t y of a backbendhave not been f i r m l y e s t a b l i s h e d . The c a l c u l a t e d g -f a c t o r s shown i n Fig. 7 r e p r e s e n t a c h a l l e n g e t o t h e e x p e r i m e n t a l i s t
These g-factors a r e very s e n s i t i v e t o t h e angular momentum c a r r i e d by r o t a t i o n a l l y a l i g n e d neutrons, and a t l e a s t i n c a l c u l a t i o n s , d e t a i l s o f t h e a l i g nment mechanism must v a r y considerably from c a s e t o case.
The measurement of electromagnetic p r o p e r t i e s is bound t o p l a y a v i t a l r o l e i n t h e e l u c i d a t i o n of n u c l e a r s t r u c t u r e a t high a n g u l a r momentum.
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